Introduction
As one of the largest metals in the periodic table, uranium -with a covalent single bond radius of 1.7 Å according to Pyykkö [1] -requires sterically demanding, polydentate ligands to saturate its coordination sphere and provide kinetic stabilisation to novel ligand linkages that may further our understanding of the extent and nature of covalency in uranium-ligand bonding [2] . One ligand class that has emerged as particularly effective for providing a pocket at uranium within which to stabilise reactive novel linkages, whilst closing down the remainder of the coordination sphere to avoid decomposition routes, is that of triamidoamines, {N(CH 2 CH 2 NR) 3 } 3- [3] . Indeed, in a wider context triamidoamine ligands have found many applications, for example including the stabilisation of novel ligands at metals, such as heavy NO analogues PS and AsS [4] , and also metal-mediated dinitrogen reduction to ammonia [5] . Over the past two decades a range of triamidoamine-uranium complexes have been reported, and arguably the most effective of these have been where R = [3] . With these triamidoamines, whose steric bulk varies from moderate to quite demanding, a wide range of novel uranium chemistry has been reported, including the first uranium-dinitrogen complex [6] , reductive homologation of carbon monoxide [7] , single molecule magnetism [8] , unusual photochemical- [9] and alkyl-reactivity [10] , uranium-metal bonds [11] , and uranium-ligand multiple bonding and novel main group fragments [12] . Indeed, recently the triamidoamine scaffold has been applied to thorium, and even neptunium and plutonium [10a,13] . Since it is well known that ligand steric demands principally impact the accessibility, stability, and thence reactivity, of uranium complexes [2] , it is of interest to investigate new triamidoamine derivatives since they may provide opportunities to study complementary chemistry, or indeed provide access to new chemistry not amenable with the currently available 3 triamidoamines. Therefore, we have begun to investigate a new range of triamidoamines and their coordination chemistry at uranium.
Here, we report the synthesis of a new triamineamine pro-ligand with N-SiPh 3 substituents, and describe its conversation to the corresponding triamidoamine-tri-lithium salt. The latter is an excellent ligand transfer reagent that enables the synthesis of the corresponding triamidoamine uranium(IV)-chloride complex, which in turn can be converted to the triamidoamine-iodide or -azide derivatives. The solid state structures and spectroscopic data for these complexes are also presented.
Results and Discussion
Scheme 1. Synthesis of 1-3.
Synthesis of 1 and 2
Treatment of tri(2-aminoethyl)amine with three equivalents of Bu n Li at -78 °C in THF,
followed by the addition of three equivalents of Ph 3 SiCl afforded the triaminoamine 7 Li NMR spectrum (−2.39 ppm), which suggests a symmetrical species in solution on the NMR-timescale. To confirm the formulations of 1 and 2, crystals were grown from saturated solutions in toluene, and their molecular structures were determined by single crystal X-ray diffraction (Figures 1 and 2 ). 
Structural characterisation of 1 and 2
The molecular structure of 1 is unexceptional but confirms its formulation. The structure of 2 is more interesting in that one of the three lithium ions is coordinated to two amide centres and the amine atom, whereas the other two lithium centres are coordinated only to two amides in each case. This is not consistent with the solution data where only one lithium environment is observed, but clearly the lithium ions are in dynamic and rapid equilibrium in solution. Nevertheless, the structure of 2 confirms that all the amine centres have been deprotonated, and thus 2 is suitable for use as a ligand transfer reagent. 6
Synthesis of 3
To test the synthetic utility of 2 we sought to prepare uranium halide and azide complexes, [3] , and the 29 Si resonance for 3 (−110 ppm) is considerably shifted from those of 1 (~ +16 ppm) and 2 (~ −15 ppm) and is certainly consistent with the uranium(IV) formulation [15] . The magnetic moment of 3 was found to be 2.30 µ B in benzene solution at 298 K, and although this is lower than the theoretical free ion value of 3.58 µ B expected for the formal 3 H 4 ground state of 5f 2 uranium(IV), the value falls within the reported range for uranium (IV) complexes [16] . 
Structural characterisation of 3
To confirm the formulation of 3 single crystals suitable for an X-ray diffraction study were grown from a saturated solution in toluene and the solid state structure is illustrated in figure   3 with selected bond angles and bond lengths. 
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The U-N amide distances of 2.248(13), 2.251(13) and 2.279(12) Å and the U-N amine bond length of 2.703(12) Å are typical of Tren-uranium(IV) complexes [3] . The U(1)-Cl(1) bond distance of 2.621(3) Å is within the sum of the covalent radii of 2.69 Å [1] and consistent with previously reported uranium(IV)-chloride distances supported by triamidoamine ligands [3, 19] .
Scheme 2. Synthesis of 4 and 5.
Synthesis of 4
Having established that Tren TPS is sterically demanding enough to support an unsolvated monomeric uranium(IV) chloride complex like the related Tren TIPS ligand system we targeted the iodide congener as there may be occasions where a softer iodide leaving group may be synthetically more desirable than a hard chloride that may inhibit further reactivity at the uranium centre.
By way of halide metathesis, straightforward treatment of 3 with trimethylsilyl iodide in toluene at 0 °C, followed by work-up, yielded the iodide substituted complex [U(Tren TPS )(I)]
(4), as a pale green powder in excellent (95%) yield, Scheme 2. The 1 H NMR spectrum of 4 spans the range +18 to -35 ppm, which is slightly greater than the range observed in 3, and although the 29 Si NMR spectrum of 4 exhibits a resonance considerably shifted compared to 1 and 2 at −51 ppm; this is nearly 60 ppm shifted from 3. The magnetic moment of 4 in benzene solution at 298K was found to be 2.72 µ B , and although this is higher than 3 it still falls well within the range of reported magnetic moments for uranium(IV) complexes [16] .
The weak f-f transitions observed in optical absorption spectrum of 4 are consistent with the proposed +4 oxidation state for the uranium centre [17].
Structural characterisation of 4
To confirm the formulation of 4 single crystals suitable for an X-ray diffraction study were grown from a saturated solution in toluene stored at -30 °C and the solid structure of 4 illustrated in figure 4 with selected bond lengths and angles. The solid state molecular structure of 4 reveals a monomeric five-coordinate uranium centre in a geometry best described as distorted square base pyramidal. The N(4)-U(1)-I(1) bond angle of 137.24(11)° is much more acute than the corresponding N(4)-U(1)-Cl(1) angle for 3 and is likely due to crystal packing effects. The U(1)-I(1) iodide distance of 3.0815(4) Å is moderately longer than the sum of the covalent radii of 3.03 Å [1] and is consistent with previously reported uranium(IV)-iodide complexes when supported by triamidoamines [3] .
The U-N amide and U-N amine bond lengths compare well to those for 3.
Synthesis of 5
With the uranium(IV)-halide complexes 3 and 4 in hand, we investigated their utility as precursors for further functionalisation. As a test reaction, mixing 3 with two equivalents of sodium azide in THF afforded, following work up, the azide substituted complex (5) as a pale brown powder in good (82%) yield after work-up, Scheme 2.
Similarly to 3 and 4 the 1 H NMR spectrum of 5 exhibits resonances in the range +20 to -10 ppm. The 29 Si NMR spectrum of 5 exhibits a resonance at −108 ppm that is very similar to 3 but different to 4, suggesting that the azide is electronically acting as a pseudo-halide more like chloride than iodide. Consistent with the pseudo-chloride electronic behaviour of the azide in 5, the magnetic moment of 5 in benzene solution at 298K is 2.15 µ B which is consistent to previously reported uranium(IV) species and is closer to the value for 3 (2.30 µ B ) than 4 (2.72 µ B ) [16] . The optical absorption spectrum of 5 is typical of a 5f 2 uranium (IV), with low intensity peaks in the range 500-2000 nm (ε = 20-50 M -1 cm -1 ) [17]. Complex 5 exhibits a strong absorption at 2086 cm −1 in its FTIR spectrum, which is in agreement with previously reported uranium-azide complexes [20] . Crystals of 5 suitable for an X-ray diffraction study were grown from toluene at room temperature and the solid state structure is illustrated in figure 5 with selected bond angles and bond lengths. 
Conclusions
Seeking to expand the range of sterically demanding Tren-ligand environments for uranium that may be used in future endeavours to stabilise novel uranium-ligand multiple bond linkages, we have prepared the new Tren TPS -ligand (1) 
Preparation of [U(Tren TPS )(Cl)] (3)
THF (30 ml) was added to a pre-cooled (-78 °C) stirring mixture of 2 (8.42 g, 8.96 mmol) and UCl 4 (3.41 g, 8.96 mmol) . The resulting mixture was allowed to warm to room temperature and stirred for 16 hours. The mixture was heated to reflux for 5 minutes, allowed to cool to room temperature, and volatiles removed in vacuo. Extraction of the product in 15 warm toluene, followed by removal of volatiles yielded a dark green oil. The product was washed with hexanes (2 x 20 ml) to yield 3 as a pale green powder. Yield: 10.3 g, 96%.
Crystalline material was obtained by dissolution in toluene (3 ml) 
Preparation of [U(Tren TPS )(I)] (4)
Trimethylsilyl iodide (1.25 ml, 8.8 mmol) was added dropwise over 3 minutes to a pre-cooled 16; H, 4.48; N, 4.37%. Found: C, 55.42; H, 4.78; N, 3 
X-ray crystallography
Crystal data for compounds 1-5 are given in Table 1 , and further details of the structure determinations are in the Supplementary information. Crystals were examined variously on a Oxford Diffraction SuperNova Atlas CCD diffractometer using mirror-monochromated
CuKα radiation (λ = 1.5418 Å) or a Agilent SuperNova diffractometer using high intensity
CuKα radiation (λ = 1.5418 Å) mounted using Fomblin® oil onto micromounts. Intensities were integrated from data recorded on 1° frames by ω rotation. Cell parameters were refined from the observed positions of all strong reflections in each data set. Semi-empirical absorption corrections were applied based on Gaussian grid face-indexed absorption correction with a beam profile correction. The structures were solved by direct or heavy atom methods and were refined by full-matrix least-squares on all unique F 2 values, with anisotropic displacement parameters for all non-hydrogen atoms and with constrained riding hydrogen geometries; U iso (H) was set at 1.2 (1.5 for methyl groups) times U eq of the parent atom. The largest features in final difference syntheses were close to heavy atoms and were of no chemical significance. Programs were CrysAlisPro [22] (control and integration), and SHELXTL, [23] Platon, [24] Olex2, [25] and were employed for structure solution and refinement and for molecular graphics. 
ToC Text
The synthesis and characterisation of uranium-halide and -azide derivatives supported by a bulky N-SiPh 3 -substituted triamidoamine ligand are described.
